The process of single W boson production at the energies of Next Linear Colliders is considered. We discuss in details the contributions from s and t channel diagrams, technical aspects of the complete tree level calculation with a finite W width, and the quark mass effects.
The process of single W -boson production e + e − → e −ν e ud ("CC20 process" in the four fermion channels classification of [1] ) has been considered in details both from experimental and theoretical viewpoints. From the experimental point of view this process gives an important contribution to the cross section of W + W − pair production as well as to the rate of single W production, when the initial electron (positron) goes to the beam pipe. At the same time CC20 process represents the main background to signals of new physics (especially R-parity conserving or violating SUSY processes) and provides a strong restrictions on the anomalous three vector boson couplings W W γ, W W Z. From the theoretical point of view the cross section of e + e − → e −ν e ud channel is sensitive to a huge gauge cancellations between the individual diagrams from the complete tree level set, and the singularity of the amplitude at zero scattering angle of the electron, when the treatment of finite W -boson width and finite electron mass is delicate and needs much care [2, 3] . It will be also pointed out that the ISR corrections to CC20 process should be calculated with different characteristic energy scales for the two gauge invariant subsets of contributing diagrams.
The set of 20 diagrams of the process CC20 can be divided into two gauge invariant (with respect to the SM gauge group) subsets of 10 t-channel ( Fig.1) and 10 s-channel diagrams (Fig.2) . If the lepton and the corresponding neutrino in the final state of e + e − → e −ν e ud are replaced by the muon or tau with corresponding neutrino, only 10 s-channel diagrams remain and represent the analogous µ and τ CC10 channels. Electron scattering at zero angle from the t-channel subset is absent in these channels. It is a simple proof that both CC10 channels are gauge invariant. The less trivial statement is that these two CC10 classes are the minimal gauge invariant SM subsets. In fact it follows from the general theorem proved recently in [4] .
Our calculation of the total rate have been performed by means of Comp-HEP package [5] . The squared amplitude with finite electron mass m e = 0.511 MeV have been used in this calculation, so the forward electron pole is regulated by the kinematical cutoff
where M denotes an invariant mass scale for theν e ud system (see Fig.3 ). Results of CompHEP calculation are shown in Table 1 together with the results of other groups obtained by means of grc4f [6] , KORALW [7] and W P HACT [8] 
In CompHEP the number of overall factors is equal to the number of W propagators in the diagram set, and the prescription has beed applied to two gauge invariant CC10 subsets separately in order to avoid an artificial suppression of CC10-t part in the phase space region close to the position of the second W pole from the CC10-s part. grc4f and KORALW prescriptions [2] are based on the gauge-invariance motivated redefinition of the leptonic tensor L µν [2, 10] for the t-channel subset
to the form Fig.3 (1) ). Flat part of the distribution is related to the unitary behaviour dσ/dt ∼ 1/t. In the framework of the equivalent gamma approach this behaviour corresponds to the canonical WieszackerWilliams approximation. The falldown of the distribution starting at about log 10 |t| ∼ -6-7 reflects an improved Wieszacker-Williams behaviour [11] The W peak is observed in Fig.2 at log 10 |t| ∼ 4.
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We present the results of CompHEP calculation for contributions of separately taken s-channel and t-channel subsets to the total rate, as well as their interference contribution, at various energies in Table 2 . Quark phase space cuts E q > 3 GeV, M ud > 5 GeV and/or lepton phase space cut cos ϑ e > 0.997 are imposed. From Table 2 and Fig.4 one can see that the contribution of t-channel subset increases rapidly with energy while the s-channel cross section goes down and becomes smaller than the t-channel at the energy about 320 GeV. The s-t interference is extremely small in all the energy range under consideration (100 GeV -1 TeV). At LEP2 energies the single W production process is less important than the W + W − pair production, but at the energies of LC single W creation plays the dominant role. Table 3 contains the cross section values at different energies without cuts, when the t-channel gamma pole and the t-channel u/d quark poles in the ladder diagram are regulated by the electron and light quark masses m u = 5 MeV, m d = 10 MeV. It is important to point out that at nonzero electron mass the finite numerical result exists even for massless quarks. If we denote the minimal quark momentum fraction by x min
the maximal gamma momentum transferred
1 − x min and the kinematical cutoff near the pole still exists at m u = m d = 0. It is important to understand a role of the multiperipheral diagrams in the CC10 t-channel subset. However, it makes no sense to compute straightfrwardly a contribution from that diagrams because they do not form a gauge invariant class. But one can get an information about a size of the multiperipheral 1 Detailed comparison of the same kind as indicated above at LEP2 energies √ s = 183 and 190 GeV can be found in [9] . diagrams contribution by calculating a dependence of the cross section on a quark mass. These diagrams represent the only production mechanism that could depend significantly on the values of quark masses. We calculated the cross section dependence on the quark mass m q = m u = m d changing from 1 MeV to 100 MeV (see Table 4 and Fig.4) . The total rate decreases from 1442 fb to 1414 fb, so rather weak but distinct dependence on the quark mass takes place. Therefore one can expect a rather small 'resolved photon' contribution to CC20 process rate. Instructive comparison can be done with the case of resolved photon contribution to the single W production process at HERA (ep collisions), where the latter is estimated to be of order 10-15% of the total W rate [12] . In the case of ep collisions the most important t-channel diagram topology (see diagram 7 in Fig.1 ) contains a quark line and t-channel gamma, giving rise to potentially high resolved cross section γ * q → hadrons. In the case of e + e − collisions this contribution is absent and only subleading multiperipheral topologies (see diagrams 2,3 in Fig.1 ) could give the resolved γ * q → hadrons. The calculation of initial state radiative corrections (ISR) to CC20 process needs a special care. Two different scales of ISR radiator function should be used for the t and s channel subsets of diagrams. If we take Q 2 = s for s channel and Q 2 = 0 for t-channel, the cross section can be calclated as a sum of s-channel contribution with ISR and t-channel contribution without ISR from the Table 2 . The same is also true for the value of α QED which should be taken differently for t-channel and s-channel sets. Obviously, the characteristic scale for the t-channel part is Q 2 = 0 and therefore one should use 1/137 while a typical scale of the s-channle piece is of the order s and a value of about 1/128 should be used.
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